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(54) CONTROL DEVICE FOR ENGINE 

(57)Abstract: 

PURPOSE: To suppress vibration in a car on acceleration by 
performing an output torque control in such a way as to delay a 
time which is obtained by subtracting a control delay time 
calculated based on a variation in engine speed from a time of a 
one-fourth calculated car vibration cycle. 

CONSTITUTION: A variation of an engine speed is intermittently 
calculated by a first calculating means A and, based on the 
calculated variation, a control delay time or controlling an engine 
torque is calculated by a third calculating means C. A torque 
control means D performs an output torque in such a way as to 
delay a time a which is obtained by subtracting a control delay 
time from a one-fourth car vibration cycle calculated by a 
second calculating means B so as to suppress the car vibration 
on acceleration. Thus, by shortening an mean time in calculating 
a variation in engine speed in a low speed range and using a 
control data delayed by a one cycle more to a torque control in 
the low speed range, it is possible to surely suppress the car 
vibration in the low speed range. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A control device of an engine characterized by controlling car body vibration [ it is alike 
and ] characterized by comprising the following at the time of acceleration more. 
The 1st calculating means that calculates a variation of an engine speed value intermittently. 
The 2nd calculating means that calculates a fluctuation period of engine speed value change. 
The 3rd calculating means that calculates control delay time when controlling an engine torque 
based on engine speed value change calculated on the above-mentioned intermittent target. 
A torque control means which only time which deducted the above-mentioned control delay time 
from one fourth of time of an acceleration judging means which judges an acceleration state, and 
a fluctuation period calculated at the time of an acceleration judging is delayed, and performs 
engine output torque control. 

[Claim 2]A control device of an engine given in the 1st paragraph of a claim which is provided 
with a means to detect an engine revolutions region, and is characterized by said 1st calculating 
means shortening an operation cycle of a variation of an engine speed value at the time of 
engine low rotation. 

[Claim 3]An engine control system given in claim 1 paragraph having a means to detect an 

engine revolutions region, delaying only time which deducted the above-mentioned control delay 

time from 5/4 of the above-mentioned fluctuation period of time at the time of engine low 

rotation as for said torque control means, and performing engine output torque control 

[C laim 4]A control device of an engine characterized by controlling car body vibration [ it is alike 

and ] characterized by comprising the following at the time of acceleration more. 

The 1st calculating means that calculates a variation of an engine speed value intermittently. 

The 2nd calculating means that calculates a fluctuation period of engine speed value change. 

The 3rd calculating means that calculates control delay time when controlling an engine torque 

based on engine speed value change calculated on the above-mentioned intermittent target. 

A torque control means which only time which deducted the above-mentioned time delay from a 

torque control stage on an acceleration judging means which judges an acceleration state, and 

theory for controlling surging of the body at the time of acceleration based on a calculated 

fluctuation period at the time of an acceleration judging is delayed, and performs engine output 

torque control. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
(Field of the Invention) 

Especially this invention relates to the control device of the engine which aimed at reduction of 
car body vibration about an engine control device. 
(PRIOR ART) 

In the vehicles which are transmitting power without going via the former, for example, a fluid 
coupling etc., when comparatively sudden accelerator operation was performed, vehicles caused 
surging of the body considered as the wobble. As for this, an engine torque variation serves as 
****** and it increases by resonance of a drive system. On the other hand, although an engine 
torque variation is restricted or the measures which rationalize the rigidity of a drive system are 
taken, it cannot be said that it is enough. 

The proposal as which engine torque is positively changed these days, and vibration is completed 
quickly has come out (JP,58-48738,A etc.). This JP,58-48738,A detects engine speed value 
change, and is made to carry out the inverse characteristic of the engine torque to this number- 
of-rotations change. It specifically lets the output of an engine speed sensor pass to the low 
pass filter which extracts the torsional vibration frequency component of a drive system, and 
this detects a rotational variation. When the value exceeds a threshold, the ignition advance 
according to the rotational variation is controlled. 

This JP,58-48738,A is advanced one more step, and there is also proposal art in which it 
changes engine torque positively in a similar manner. Namely, control of the ideal engine torque 
for attenuating car body vibration quickly reduces an engine torque, when body order 
acceleration is positive, and it should just make an engine torque increase at the time of 
negative. Then, what is necessary is only for 1/4 cycle to delay a phase for the value of engine 
speed value change to a drive-system resonant period theoretically, and just to make an engine 
torque change, when attenuating car body vibration using engine speed value change. 
(Problem which an invention tends to solve) 

However, since the above-mentioned art was based on the ideal engine model, artificers in this 
case found out the problem that the actual torque control starting point was not actually 
performed by various control delay time 1/4 cycle which is a theoretical delay. 
With the above-mentioned control delay time, it originates, for example in the following points. 
The control circuit (a digital microcomputer is mainly used) actually used for engine control is 
obtained only a discrete thing in time as external data. For example, although engine speed 
values are calculated from the cycle of the pulse signal from a sensor formed in the crank shaft, 
this result of an operation itself includes a time lag unit, and they are not an engine speed value 
of current-events **** (real time). In order that a noise may be an accessory and may usually 
cancel that error component for a rotational frequency sensor output, the ****** average of the 
engine speed value which was called for as for the account of the upper is carried out at number 
rotation, and this average value is also made into the intermediary and the engine speed value in 
that time. However, it is clear that this average value becomes what was overdue on account of 
the time sharing control of a digital computer in time actually. 

Therefore, even if it is going to be based on engine speed value change, it is going to delay a 
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term 1/4 round to this engine speed value like the above-mentioned conventional technology 
and it is going to change an engine torque, This based engine speed value itself is the past data 
in time, therefore it resulted in performing a torque control based on between ****** data in 
control, and the engine vibration mentioned above caused the situation where it did not decrease 
at all. 

If it furthermore says, when the above-mentioned control delay time takes an example by the 
point that the microcomputer for control performs engine control synchronizing with an engine 
speed value, it will be changed according to an engine speed value. Therefore, if only 1/4 cycle 
was uniformly delayed to engine speed value change, without taking into consideration engine 
speed values, such as the above-mentioned conventional technology, in a field with an engine 
speed value. Rather than the time delay for this 1/4 cycle, the above-mentioned control delay 
time becomes large, and is concluded as insufficiency [ a vibration suppression ] or promoting 
vibration on the contrary. 

Then, by considering control delay time, such as operation delay time which the place made into 
the purpose of this invention is a control device of the engine which controls car body vibration 
based on engine speed value change, for example, was mentioned above, In the former, positive 
control of the engine vibration which was actually impossible is enabled. 

And at the time of the low rotation which control delay time consists large of, the control device 
of the engine which can plan an exact positive vibration suppression is proposed further. 
(Means for solving a problem) 

The composition of this invention for solving the problem mentioned above, The 1st calculating 
means that calculates the variation of an engine speed value intermittently as shown in Drawing 
1_in order to control the car body vibration at the time of acceleration, The 2nd calculating 
means that calculates the fluctuation period of engine speed value change, and the 3rd 
calculating means that calculates control delay time when controlling an engine torque based on 
engine speed value change calculated on the above-mentioned intermittent target, At the 
acceleration judging means which judges an acceleration state, and the time of an acceleration 
judging, only the time which deducted the above-mentioned control delay time from one fourth 
of the time of the calculated fluctuation period is delayed, and the torque control means which 
performs engine output torque control is provided. 

The control device of the engine of this invention by other composition, The 1st calculating 
means that calculates the variation of an engine speed value intermittently, and the 2nd 
calculating means that calculates the fluctuation period of engine speed value change, The 3rd 
calculating means that calculates control delay time when controlling an engine torque based on 
engine speed value change calculated on the above-mentioned intermittent target, Only the time 
which deducted the above-mentioned time delay from the torque control stage on the 
acceleration judging means which judges an acceleration state, and the theory for controlling 
surging of the body at the time of acceleration based on the calculated fluctuation period at the 
time of an acceleration judging is delayed. The torque control means which performs engine 
output torque control is provided. 
(EXAMPLE) 

With reference to an accompanying drawing, the example of this invention is described below. 
Only (an oscillation period / 4-control delay time) intends to make the value of the difference of 
engine speed value change and its average value into the controlled variable for a torque control, 
and to shift this controlled variable, and this example intends to perform a torque control, and 
there is. There are two modifications in this example, and in this example, both modifications 
have put creativity special to control, in order to lessen such a case where it stops being able to 
carry out a torque control, as much as possible in view of the case where it stops being able to 
carry out a torque control in the low rotation region of an engine speed value occurring. 
<Engine vibration control system> The entire configuration of the engine vibration control 
system which applied each of the example concerning this example is explained using Drawings 4 
- 6. 

Drawing 4 is the general drawing of the fuel injection type engine of a 4-cylinder. The boost 
pressure sensor 19 for the portion especially relevant to this example to detect the air flow 



http://www4.ipdl.inpitgojp/cgi-bin/tr^ 2008/06/1 1 



JP,06~027516,B [DETAILED DESCRIPTION] 



3/10 ^— v 



meter 1, the throttle valve 2, the injector 5, the temperature sensor 8 that detects cooling water 
temperature, the spark plug 9 f the ignition coil 10, the distributor 11, the igniter 18, and the inlet- 
pipe internal pressure B, It is the position sensor 24 grade which detects the gear position GP of 
the engine controller (ECU) 20 which controls the whole engine and the opening sensor 22 which 
detects valve opening (TVO) of the throttle valve 2, the opening sensor 23 which detects an 
accelerator opening, and a gearbox (unHllustrating). 

The inhaled air has inspired-air-volume Q a measured by the air flow meter 1. This suction air is 

led to the combustion chamber of the engine 6 through the surge tank 3 by the throttle valve 2, 
while that quantity is adjusted. Gasoline is injected from the injector 5. This injection time is 
prescribed by pulse signal tau outputted from ECU20. The gaseous mixture which burned is 
emitted into the atmosphere through an exhaust manifold and the catalytic converter 1 7. 
From the distributor's 1 1 crank angle sensor 12, from the cylinder sensor 13, cylinder signal C y 

is outputted towards ECU20 for every engine rotation, and crank angle signal C A is used for 

distinction of a cylinder, and the synchronization of engine rotation. 

The igniter 18 is the same as a well-known thing, at the time of the standup of ignition-timing 
signal I G . the primary current and resumes energization after the fixed time after KATSUTO. 

Drawing 5 is a figure showing the internal configuration of ECU20, and connection of it, various 
sensors, etc. In the figure, crank angle signal C A is inputted into the interruption terminal of 

CPU34 through the waveform shaping circuit 30. This signal C A is an angle-of-rotation signal 45 

degrees before TDC, if it is expressed with 45 BTDC(s) and inputted into CPU34, interruption 
routine will be called, for example, the operation of an engine speed value, etc. will be performed. 
Through the digital buffer 31 and the input port 32, signal C y from the cylinder sensor 13 is 

inputted into CPU34, and is used for cylinder discrimination. 

Boost pressure B which is an analog signal, inspired-air-volume Q a , etc. are changed into a 

digital value by A/D converter 46 through the analog buffer 33, and this changed digital value is 
inputted into CPU34. 36-40 are programmable timers (PTM), and the data [ SETSUTO / data / 
they ] is four fuel injection pulse tau 1 for ignition-timing I Q and four cylinders - tau 4 sequentially 

from a top, respectively. The clock signal of such PTM is supplied from the counter (FRC) 41 
counted freely. 

ROM43 stores the program of the control procedure like the below-mentioned flow chart, etc. 
Since intermediate data required for control is saved temporarily, RAM42 is used. 
Drawing 6 is a functional block diagram of the engine control performed by ECU20. **** [ the 
EGI section which is the block which calculates the fuel oil consumption tau from the injector 
5 ]. It is a center section which performs the torque control for car-body-vibration control of the 
ESA section which controls ignition timing. 

<Principle of a torque control> The outline of the torque control in outline this example of an 
example is explained using Drawing 2 , Drawing 3 , and Drawing 7 . The accelerator is stepped on, 
Drawing 2 shows a macro target change of engine speed value N when the throttle valve 2 opens 
(TVO is a throttle opening), and Drawing 3 expresses engine speed value N etc. in micro. 
Unless the state of ******** changes the cycle of car body vibration (expressed with the 
acceleration G) when, for example with a change gear ratio etc., as it is shown in Drawing 3 (b). 
there is no change generally. That is, although the amplitude of vibration has change, it is 
changeless to an oscillation period by the lapsed time of again vibration by a type of a car, etc. If 
car body vibration occurs, **** will occur in a drive system and it will appear in change of the 
rotation N. If these things put in another way, car body vibration means indirectly what is 
regarded as change delta[ of engine speed value N ] N ((e) of Drawing 3 ). That is, since car body 
vibration is chronotropism, engine-speed-fluctuation deltaN sets aside amplitude and phase 
contrast and has the same cycle as car body vibration ( Drawing 3 (e)). Therefore, deltaN is the 
most suitable information for a vibration suppression, it processes information suitably, changes 
this into the tooth lead angle / retardation quantity deltaU of ignition-timing I r , and performs 
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the torque control for a vibration suppression there. 

The characteristic of engine torque change control is good to be made to carry out by the 
opposite phase of a car-body-vibration cycle. In this case, when it is in the phase which the 
acceleration of vibration G increases gradually rather than supposing that it is completely the 
characteristic of torque change control an opposite phase (namely, receiving an oscillation period 
180 gaps) to an oscillation period, When it controls to dwindle torque and the acceleration of 
vibration G gradually decreases, the direction controlled to increase output torque gradually can 
control vibration effectively ( Drawing 3 (f)). Namely, when it controls to dwindle torque when it is 
in the phase which the above-mentioned acceleration of vibration increases gradually, and the 
acceleration of vibration gradually decreases, in order to control to increase output torque 
gradually. It is topologicaly convenient if the quantity ( Drawing 3 (e)) which delayed the 
characteristic of engine speed value change deltaN the term 1/4 round is used. 
That is, it is in agreement with cycle [ of deltaN / of T 360 degrees ] (= oscillation period), and the 

cycles of a torque control are [ as opposed to / phase contrast / engine-speed-fluctuation 
deltaN ] a T on = phase contrast = oscillation period /4 (1) 

yU degree 

It is good to come out and to give T g0 de8rees0f phase contrast which exists. By the way, 

fundamentally, since an engine speed value is in a rising direction, it is necessary to detect only 
a part for the change at the time of acceleration. So, in order to perform a torque control with 
sufficient accuracy, engine speed value change deltaN to dc-component delta** is deducted. 
Namely, when it controls to dwindle torque when it is in the phase which the acceleration of 
vibration increases gradually, and the acceleration of vibration gradually decreases, in order to 
control to increase output torque gradually (deltaN-delta**), 
The quantity which delayed ****** the term 1/4 round is used. 

Since ignition timing control has realized [ this example ] the torque control, in order to realize 
the above-mentioned phase control, they are ignition timing correction quantity and deltaI Q for 
every control cycle of engine each time. = K Q x (deltaN Q -delta**) 

An index is calculated and carried out and it memorizes in the memory. That is, it is deltaI Q 
which was carried out in this way and calculated to the past n times ****** and deltaI Q *(1) 
deltaI Q *(2) : : deltaI Q *(n) 

It memorizes in a memory. And ignition-timing-correction-quantity deltaI Q (m) required to 

suppress the vibration in a certain time is deltaI G (m) -K Q x (deltaN Q -delta**) (2) 

It carries out and is considered as the index number for obtaining deltaI Q which asked for m by 
the past control cycle. 

In this example, although the above is the fundamental technique of a torque control, in order to 
improve control further accuracy, the following concepts which become "control delay time" are 
introduced, and it is made to perform the torque control (it returned) which advanced only the 
part of this "control delay time" topologicaly. Namely, the above-mentioned m, 

m = m ® mm - «u « s * * m 

It carries out. here, it calculated with the engine speed fluctuation of the control delay time = 
fruit (detected) — it is phase contrast with delta**. This "control delay time" occurs impossibly 
because of an engine speed value operation etc. being performed to every TDC (TOP DEATH 
CENTER) etc. so that it may mention later, although T 90 deKree equal to 1/4 oscillation period will 

become constant value if a gear is decided if it puts in another way — the above "control delay 
time" — the detection delay of an engine speed value — and delay after lighting until an engine 
torque changes is included. That is, since that detected deltaGt calculated) N is behind the 
engine speed value change resulting from the car body vibration G which has broken out actually 
even if it detects engine speed value change deltaN, this calculated deltaN corresponds to actual 
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engine-speed-fluctuation deltaN which only "control delay time" followed. Since it comes out it 
is necessary to carry out t and it is necessary to deduct "control delay time" from "an oscillation 
period/4", and only "control delay time" needs to advance the phase of the torque control from 
"an oscillation period/4." 

Now, this "control delay time" is found concretely. For a torque control, delta** needs 
calculation of engine speed value N, calculation of deltaN, and to be calculated. If engine speed 
value N is calculated for every TDC cycle, the "control delay time" by calculation of engine 
speed value N will be 0.5TDC. Since it is the same, the "control delay time" by calculation of 
engine-speed-fluctuation deltaN serves as 0.5TDC. When the equalization for engine-speed- 
fluctuation average value delta** considers it, for example as the moving average of 2 rotations 
(namely, 4TDC), the "control delay time" by this average value operation is 1.5TDC. Generally, 
when taking n rotation average in the case of a 4-cylinder, "control delay time" is {0.5+(n-1)} 
TDC. "Delay" of a to [ from ignition / actual torque generating ] is 0.5TDC. It depends for this 
"delay" on explosive combustion speed. 

If the above time delay is summarized, the total "control delay time until it results in operation 
** ignition ** torque generating" will serve as 3.0TDC. Since ****** has engine ignition in a 4- 
cylinder engine once by two rotations supposing it moves ignition timing for the above- 
mentioned torque control, "control delay time" T QR per one revolution of an engine is, 
3,0 

T c a - \ 1 . 5 T D C 

6 0 0 0 0 
= 1 . 5 x : — — — - — r—r*~±K vr m s 



( 3 ) 

It comes out. 

deltaI Q * asked for and memorized in the past in this example Time delay T RT R =T 90 _ desree -T CR out 
of**(ms) (4) 

The thing of the **** past is used taking out. By the way, if this time interval is set to 5 ms for 
memory of the above-mentioned controlled variable like the below-mentioned example from 
**** intermediary **** for every certain time interval in the general engine control which uses a 
digital computer, it will be the above-mentioned index m, 

m = - — HI ( 5 ) 

5 

It becomes. 

deltaI Q memorized before ******** — it is made like. 

Drawing 9 indicates the above-mentioned phase contrast T on / 5 grades as a table to be 

yU~ "degree 

the resonance frequency of the vibration in each gear position (GP). 

Now, since an ignition cycle becomes so long that an engine speed value is low, this "control 
delay time" becomes long, in [ the above-mentioned time delay T D is T D =T on ~T 00 and ] a 

r\ K yU degree On 

certain gear position GP in consideration of (3) types — T R — negative — namely 

_ 6 0 0 0 0 

T go' < 1 . 5 X ( 6 ) 

** — the becoming engine speed value field — the account of the upper — it becomes 
uncontrollable [ this example ]. It is because it means performing the present torque control 
based on the controlled variable (delta**-deltaN) of the future that time delay T R serves as 
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negative. That is, in the engine speed value field used as T R <0 t also in a **** intermediary, a 
torque variation does not actually happen or the phenomenon of car body vibration increasing on 
the contrary generates a torque control. Therefore, in this case only by control of the 4th 
example of the above. If intermediary **** with T R near T go degree of minus, i.e., "control delay 
time T CR " f approaches T 180 _ dejfree , when vibration is a positive direction, hunting phenomena, such 
as performing a torque control, will be presented to a torque increase direction, a T CR =2 T 9Q _ 
=T 1Qn = oscillation period /2 (7) [ then, ] 

degree I oU~ degree 

as [ be / it / come out and ] — namely 

60000 mWi fflSR 

1 . 5 x - 



N mini 2 

( 8 ) 

It will come out and engine speed value N M!N1 which exists will be called "the controllable 
minimum engine speed value (foundations)/' This N MIN1 changes with a gear position, as shown 
in Drawing 9 . 

delay value T R is set to "0" — namely 



[7] ID=000007 



It will come out and engine speed value N MIN2 which exists will be called the "proper controllable 
minimum engine speed value." Up to the field to this N MIN2 , it is because the control of the 
above-mentioned example operates properly. As N M1N2 is also shown in Drawing 9 , it changes 
with a gear position. 

In this way, only by control of this example, when the present engine speed value N is below 
proper controllable minimum engine speed value N MIN2 , the necessity of taking a certain measure 

comes out. It is because especially this proper controllable minimum engine speed value N M1N2 is 

a rotational area often used. In the field (field more than N MJN2 ) of [I] shown in Drawing 10 when 

putting in another way, vibration suppression control is attained appropriately. 

Two modifications for a low rotation operating range are hereafter shown for ****** of a 

modification. 

(5) From a formula, in order for T R to be positive, an intermediary with large T CR also makes T CR 

small, or should just enlarge T go d conversely in the rotational area where T CR becomes large. 

The former control is the 1st modification and the latter is the 2nd modification. In the 2nd 
modification, as long as a gear position is immobilization, since T gQ ^ is immobilization, it uses 

T.cn =T ocn +T on further delayed a round term from T Qf * instead of T qo . 

450 degree 360 degrees 90 "degree 1 »U degree degree 

<the details of example control> — the [ basic example ] — the [A / 8 / figure - ] — D [ 8 ] 
figure — therefore, detailed explanation of control of this example is performed, here — the — A 
[ 8 ] figure is a main routine of the ESA section which interrupts every 5 ms by PTM47 and is 
started, the — B [ 8 ] figure expresses the details of the ignition-timing-cqrrection-quantity 
deltaI Q calculation (Step S220) in a main routine, the — C [ 8 ] figure is a routine for the 

calculation of an engine speed value and engine speed value change deltaN started by 
interruption of crank angle signal C A (= before TDC 45 degrees), the — D [ 8 ] figure is an OCI (= 

OUTPUT COMPARE INTERRUPT) routine started by PTM36 for controlling the ignition pulse to 
the igniter 18. 
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First, it explains from the crank angle signal interruption routine of the 8th the C figure. If a 
crank rotates at 45 degrees in front of TDC, it will progress to Step S260 and current time tj will 
be read from FRC41. the interruption time t Q to TDC cycle t JDC (time which crank anti-rotation 
takes) calculated in Step S262 at the time of the last interruption — tjDC^I^O — therefore, it 
calculates. At Step S264, the value of t 1 is saved to t Q for next interruption, and it is Step S266, 

3 0 

N = 

and is engine speed value N. t t d c 

It calculates. In Step S268, it asks for engine speed value change deltaN* [ of time 7 o 7 which 
was sometimes calculated as for 45 last BTDC(s) / engine speed value N] (g) fp 0m deltaN*(0) =N~N Here it 

is behind 0.5 TDC. deltaN* (1) which was carrying out operation memory between past 3TDC 

time in Step S270 - deltaN* (3) to 4 times moving average deltaN, 

AN* (0) + A N" (i) A N' (2) + A N* (3) 
A R = 4 

It is alike, therefore asks. In this calculation, control delay time generates only 1.5 TDC. In Step 
S272. deltaN* (1) - deltaN* (3) are updated for the operation of next delta**.. 

the — A [ 8 ] figure — therefore, the main routine started every 5 ms is explained. This main 
routine calculates ignition-timing-correction-quantity deltaI Q for usually performing the vibration 

suppression at the time of ignition-timing I QN and acceleration, and calculates final point fire 
stage l G I G =I GN +deltaI G . The operation output of this I Q is carried out as pulse width to PTM36. 
now, the step S200 — the usual conditions — therefore, ignition-timing I QN is usually calculated. 
This usual condition is the gasoline octane number, the amount of knocking generations, etc., for 
example. In Step S202, throttle opening TVO, engine-water-temperature T , the gear position 
GP, etc. are read. The above-mentioned N^j^^ is read at Step S204. It is judged whether it is a 
field which compares engine speed value N with this N MIN1 , and hunching generates at Step 

S206. In a hunching field, it progresses to Step S234 and a torque control is stopped. In Step 
S208, if engine-water-temperature T w is below predetermined value T wa , similarly it will progress 
to Step S234, and deltaI Q will be set as "0." This is because a torque control may be fired by 

negligence in the state where water temperature is low if **** intermediary ignition timing is 
delayed, even when car body vibration has occurred and it is necessary to amend ignition-timing 

'g- 

Step S210 - Step S214 are the procedures of detecting whether acceleration having been 
started. Here, TVO Q is the throttle opening for which last time (5~ms interruption) was asked. 

The start of acceleration is judged by whether throttle opening change delta TVO for 5 ms is 
more than predetermined value deltaTVO a . If it is not an acceleration start, since it is delta 

TVO<=delta TVO a , it will be checked at Step S226 whether it is during control of acceleration 

vibration by investigating the set state of flag F AC . Are SETSUTO [ Step S216 ] this F AC flag, 

and throttle opening change deltaTVO is accelerating time ( Drawing 3 (d)) when ****** is also 
fixed by smallness after acceleration start detection. 

It is in order to keep in mind that it is during acceleration vibration control since it is necessary 

to perform acceleration vibration control in the meantime. 

If SETSUTO [ this flag ], it progresses to Step S234 and deltaI Q is set as "0." 

SETSUTO [ it progresses to Step S216, the above-mentioned F AC flag, and / Step S218 / gain 

counter G c / initial value G co ] if an acceleration start is detected at Step S214. This initial 
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value G CQ is the time when flag F AC shown in said Drawing 3 (d) should be set, i.e., the time 

which should perform acceleration vibration suppression control. This time performs an ignition- 
timing-correction operation at Step S220. 

the — B [ 8 ] figure explains an ignition-timing-correction-quantity calculation routine, the 
purpose of this subroutine — said formula — therefore, ignition-timing-correction-quantity 
deltaI Q is calculated, and it is in performing the limit control of this correction amount. First, a 

control gain is calculated by K G =K Q xK c at Step S240. Since G c shows the gradual decrease 
characteristic, control gain K Q also shows the gradual decrease characteristic. ****** of control 
gain Kq is also good by the constant of K Q . 
At Step S242, it is deltaI Q *. = K Q x (deltaN*(0)-delta**) 

It is alike, therefore the ignition timing correction quantity for the future is calculated. Next, at 
Step S244, it asks for the index m which only control delay time followed from 1/4 of an 
oscillation period. 

1 , 60000*1, 5.— 
m = — { T 90 - n )0 

At Step S246, ignition-timing-correction-quantity deltaI Q of this index m is searched and 

calculated into a memory for a vibration suppression at present. The deltaI Q map in a memory is 

updated in Step S248. Step S254 - Step S256 are the limit controls of ignition timing. 
Car body vibration can be controlled the optimal by using positively for the torque control for a 
vibration suppression the control delay time which occurs unescapable by calculation of engine 
speed value N, engine-speed-fluctuation deltaN, and average value delta** etc. in this way. In 
particular, in the low rotation region beyond this, positive vibration isolation becomes possible by 
setting up N MIN1 to which hunching happens and stopping a torque control in the field not more 

than this. 

1.5TDC of the above-mentioned control delay time in the case of a 4-cylinder engine is the 
results of a 4 times moving average (Step S270), therefore whenever it fluctuates the number of 
times of ******** and a moving average by a six cylinder engine, it must be recalculated. 
However, the whole of this control delay time is a computable quantity beforehand. 
In order to make T CR small by the details aforementioned formula of the 1 st modification so that 

T R may not become negative. What is necessary will be just to change the number of times of a 

moving average with the value of an engine speed value, since it generates by the equalization 
operation at the time of T QR mainly asking for average engine speed value **. Thereby, control 

delay time can be adjusted and the phase lag of engine-torque change can be limited to 
minimum, taking 2 engine rotation averages as well as control of said example for calculation of 
** in the field below N MIN2 line in Drawing 10 , speaking concretely, — other than this — coming 

out — said example control is changed so that 1 rotation average may be taken. Since one 
revolution of an engine is equivalent to 2TDC cycle, in 2 rotation averages, sample four N, and 
said example is the same with Step S270, 

A N* (0) + A N * ( 1 ) + A N * ( 2 ) ♦ A N* (3) 
A N 4 7 ~ " 



By 1 rotation average, it is to usage and the appearance, 

A N * ( 0 ) + A N* (1) 
A R 2 - j 

It carries out. Although "control delay time" serves as 1.5TDC as well as control of said example 
in 2 rotation averages, in 1 rotation average, it is set to 0.5TDC and the control delay time in the 
direction of latter becomes short 1 TDC. Thus, the vibration suppression in a low rotation region 
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which it is in the field of [II] of Drawing 10 especially becomes effective by what only 1 TDC 
shortens T CR for in a low revolution area. 

Since T QR in a low rotation region serves as 0.5TDC, it is the same with the case of said 

6 0 0 0 0 

t T lao* = 0 . 5 x 

example, N m i n 3 

It comes out and engine speed value N MJN3 which exists shows minimum rotating speed with this 
1st controllable modification. Since N MIN3 is coming below N MIN1 according to this modification 
as shown in [HI] of Drawing 10 , it turns out that the controllable region is improved substantially, 
the — the [A / 1 1 / figure - ] — C [11] figure explains control of the 1st modification in detail, 
the — it explains fromC [11] figure. It omits about Step S340 - Step S348. At Step S350, 
N MIN2 accordin e to a gear position is read and Step S352 compares the size of the present 
operating range N and N MIN2 . In the field of N>=N MIN2 , 2 rotation average delta** 4 is calculated 
at Step S358. 

One rotation average delta** 2 is calculated in the field of N<N MIN2 . 

the — the main routine of A [ 1 1 ] figure — the [ of said example ] — N Mim in Step S204 ofA 
[ 8 ] figure and Step S206 is only ********** j n step S284 and S286 at N MIN3 . It is because the 
controllable minimum engine speed was changed into the low eye by this modification, the — B 
[11] figure — the — in Step S244 and Step S324, it only differs fromB [ 8 ] figure, namely 

1 / T • - 6 0 0 0 0 - c ] m 



Since it becomes, and an engine speed value takes the moving average of four data in the field 
more than N MIN2 as mentioned above, it is C= 1.5, and in the low rotation region below N MIN2 , 

since the moving average of two data is taken, it is C= 0.5. Step S 326 or less control is the 
same as said example. 

Since the sample number of the moving average for delta** is reduced in the effect of the 1st 
modification, or the field of ****** and N MIN3 <=N<=N MJN2 and control delay time is lessened, T R 

does not become negative greatly and a vibration suppression can be performed certainly. In the 
field below N MIN3 , since torque change control is suspended as well as said example, hunching 
does not occur. 

Considering only a phase, little number of times of a moving average will be good so that there is, 
but in order to remove the manufacture error of the crank angle sensor of the type attached to 
a crank cam shaft, it is necessary to take the moving average of engine 2 rotation. Therefore, if 
possible, the method of ****** is good in the moving average of engine 2 rotation. 
The 2nd modification of ****** of the 2nd modification is a operating range below N MIN2 line of 
Drawing 10 , and is said example. 

I , _ 6 0 0 0 0- 1 . 5 . _ 

m = — { T 9 o * } 0 

5 N 



T 450 degree is used instead of T QQ e in a formula. If it does so, since the cycle of car body 
vibration does not change, it will be a field of [II] of Drawing 10 and the torque control of it will 
become possible properly beyond control of said example. 

This 2nd modification changes the control flow chart of said example, as shown in Drawing 12 . 
That is, only when calculating m at Step S244 of the 8th the B figure, investigating whether m 
becomes negative at Step S400 of Drawing 12 and becoming negativ e, it is Step S402, 

| j<] ID=000016 
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It calculates and returns to Step S246 of the 8th the B figure. 

effect **** of the 2nd modification — if it carries out, since m does not become negative, the 
positive torque control of it will become possible, and its degree of comfort in a low rotation 
region will improve. However, since T 450 degree is used instead of T go d(W control of the mountain 
of the beginning of vibration becomes difficult. It is also possible to shift a semicircle term and to 
make the numerals of deltaI Q reverse instead of shifting a round term, namely 

fx] ID=000017 



And deltaI Q =-deltaI G *It is referred to as (m). 

<Other deployment In addition, although said example cancels control delay time peculiar to a 
digital computer, since a "detection delay" exists also in an analog computer, it is applicable also 
to an analog computer. 

Although ignition timing was amended as a means to change an engine torque, in the above three 
examples, in order to attain the above-mentioned effect, the load of the auxiliary machine class 
of an air-fuel ratio, an AC dynamo, etc., the amount of ECRs, a throttle opening, etc. may be 
amended. 

There are car body acceleration, wheel speed change, torsion of a driving shaft, engine 
displacement, etc. other than engine speed value change as a means to detect car body 
vibration. 

It may carry out as an acceleration requirement detection means by the intake pipe negative 
pressure B else [, such as throttle opening change delta TVO and accelerator opening alpha, ]. 
However, the negative pressure B needs amendment by an engine speed value, in order that the 
depression at engine manifold B may change a lot also few accelerator openings, when an engine 
speed value is low in this case. 
(EFFECT OF THE INVENTION) 

According to the control device of the engine of this invention, as explained above, a torque 
control is seasoned, and by the former, control delay time, such as detection delay time which 
occurs, for example with a control device, or ignition lag time, is actually impossible, and 
becomes possible about positive control of ****** engine vibration. 

Car-body-vibration control in a low rotation region is ensured by shortening averaging time when 
calculating engine speed fluctuation especially in a low rotation region, or using for a torque 
control the control data which was [ term ] late further 1 round in a low rotation region. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Drawing 1 is a figure explaining the composition of this invention, 

Drawing 2 is a figure showing the situation of engine speed value N from an acceleration start, 
Drawing 3 is a figure explaining the phase relation of the car body vibration of an example, and 
the torque control for controlling it, 

Drawing 4 is the whole engine system block diagram of an example, 

Drawing 5 is a figure showing the internal configuration of the engine control unit (ECU) of an 
example. 

Drawing 6 is a functional block diagram of the engine control performed in ECU of an example, 

Drawing 7 is a figure explaining signs that a control delay occurs in an example, 

the — the [A / 8 / figure - ] — the control flow chart whichD [ 8 ] figure requires for this 

example, 

Drawing 9 is a figure in which the data used in examples and those two modifications was 
gathered as a table, 

Drawing 10 is a figure in which the active region was summarized for examples and those two 
modifications, 

the the [A / 1 1 / figure - ] — the flow chart which shows the control procedure whichC 
[11] figure requires for the 1st modification, 

Drawing 12 is the flow chart which extracted only the change-of-control portion of the 2nd 

modification. 

Inside of a figure, 

1 [ — Inlet pipe, ] — An intake air flow sensor, 2 — A throttle valve, 3 — A surge tank, 4 5 [ — 
Spark plug, ] — An injector, 6 — An engine, 8 — A water temperature sensor, 9 10 — An 
ignition coil, 11 — A distributor, 12 — Crank angle sensor, 13 [ — Boost pressure sensor, ] — A 
cylinder sensor, 14 — An exhaust pipe, 18 — An igniter, 19 20 — ECU, 22 — A throttle opening 
sensor, 23 — Accelerator opening sensors, 24 [ — CPU, 36-40 / — A program timer, 41 / — 
FRC, 42 / — RAM, 43 / — ROM, 45 / — It is an output interface. ] — A gear position sensor, 
30 — A waveform shaper, 46 — An A/D converter, 34 

[Translation done.] 



http://www4Jpdl.inpit.gojp/cgi-bin/^^ 2008/06/1 1 



